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(54) TRANSLUCENT UQUID CRYSTAL DISPLAY DEVICE 



(57) In a sennitransparent liquid crystal display de- 
vice comprising semitransparent layers having a projec- 
tions and depressions structure including reflective por- 



tions and transparent portions, the transparent portions 
are formed so as to include nearly flat regions of the 
projections and depressions structure. 



Fig. 1 
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Description 

TECHNICAL FIELD 

[0001] The present Invention relates to a semitrans- 
parent liquid crystal display device with high intensity 
and low power consumption. 

BACKGROUND AFfT 

[0002] With the widespread use of mobile terminals 
and other simitar equipment, the reflective liquid crystal 
panel has been drawn attention. This type of panel re- 
flecting outer light for display shows sufficient display 
perfomnance in bright conditions like outdoors; however, 
its visibility remarkably decreases in dark conditions. 
[0003] In order to overcome this problem, a semi- 
transparent liquid crystal panel capable of being used 
both indoors and outdoors has been developed by ap- 
plying the technique of the reflective liquid crystal panel. 
In such a semitransparent liquid crystal panel, when a 
backlight is employed, each transparent portion In the 
fonn of a square is arranged at the center of a pixel in 
reflective layers which have a projections and depres- 
sions structure In order to stmplify manufacturing re- 
quirements, the projections and depressions structure 
is identical in all pixels (Refer to Japanese Laid-open 
Patent Application No. 10-319422). 
[0004] However, in the case where such a large trans- 
parent portion is provided at the center of each pixel in 
the reflective layers, as in the above prior art case, the 
large total area of the transparent portions are irrelevant 
to reflection; intensity is insufficient when the panel is 
used as reflective type. As another problem, since the 
Intensity in the reflective type is detennined by the area 
of the transparent portions, providing transparent por- 
tions without regard to the projections and depressions 
structure makes reflectivity during reflection and penne- 
ability during permeation incompatible. 
[0005] If the color filter layer has the same degree of 
thickness during penneation and during reflection, there 
is a problem that light has different degrees of absorp- 
tion between during reflection and during permeation, 
thereby making color phases differ between during re- 
flection and during permeation. The reason for this Is 
considered that during reflection, light goes through the 
color filter layer and then returns through it. substantially 
making the color filter layer twice as thick as it is during 
permeation. As a result, for example, when a color filter 
for reflection with high pemneability is used by giving re- 
flectivity priority, there is a problem that the color is light- 
ened during permeation. 

[0006] Furthennore, the pixels having the same pro- 
jections and depressions structure also have the same 
capacity within the screen. Therefore, when the screen 
is larger, there is a problem that a decrease in gate volt- 
age due to the line resistance of the gate and the source 
makes the punch-through voltage show different values 



within the screen, thereby causing flicker. 

DISCLOSURE OF THE INVENTION 

5 [0007] In order to solve the above-described prob- 
lems, the inventors of the present invention have 
achieved a semitransparent liquid crystal display device 
with backlighting comprising semitransparent reflective 
layers having a projections and depressions structure 
10 as follows. 

[0008] A first aspect of the invention is a semitrans- 
parent liquid crystal display device comprising semi- 
transparent layers having a projections and depressions 
structure including reflective portions and transparent 
'5 portions, wherein said transparent portions are so 
fornied as to include nearly flat regions of said projec- 
tions and depressions structure. 
[0009] The neariy flat regions (regions of extremely 
small angles of inclination) in the projections and de- 
20 pressions structure do not contribute to an increase in 
panel reflectivity, and what is worse, deteriorate display 
performance because they cause specular reflection. 
Therefore, by so forming transparent portions as to in- 
clude the nearly flat regions of the projections and de- 
25 pressions structure, the specular reflection can be pre- 
vented. In addition, the presence of the transparent por- 
tions can improve the pemneability of light emitted from 
the backlight. The specific effects of the transparent por- 
tions will be described in the effects for a second aspect 
30 of the invention. 

[001 0] A second aspect of the Invention is character- 
ized in the first aspect of the invention, wherein the pro- 
jections and depressions structure in the neariy flat re- 
gions has the angle of inclination of not less than 0 de- 
55 gree nor more than 2 degrees. 

[0011] The reflection perfonnance of the semitrans- 
parent layers having the projections and depressions 
structure is determined by the angle of inclination of the 
projections and depressions stnjcture in the reflective 
40 portions. In order to efficiently gather ambient light in the 
viewer's direction, it is necessary to an-ange the angle 
of inclination of 2 to 1 0 degrees in a specific distribution. 
Asperities having the angle of inclination of less than 2 
degrees are likely to cause specular reflection and are 
45 riot effective in light-gathering. The specular reflection 
causes degradation reverse, whteh remarkably lowers 
visibility. Thus, regions having the angle of inclination 
less than 2 degrees do not contribute to an increase in 
the panel reflectivity, and what is worse, may deteriorate 
50 the display performance due to the specular reflection. 
For this reason, in prior art devices, the reflective layers 
have been so arranged as not to create regions with 
small angles of inclination. However, the inventors of the 
present inventions have found that in a semitransparent 
55 display with backlighting, devoting the regions with 
small angles of inclination to transparent portions not 
only prevents the occurrence of specular reflection but 
also improves the panel reflectivity. 
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[001 2] The specific effects of the present invention will 
be described as follows in comparison with a prior art 
device. 

[001 3] Figures 1 and 2 respectively show the top view 
and a cross sectional view of the array substrate of the 
liquid crystal panel in the prior art semitransparent liquid 
crystal display device. In the prior art device, the projec- 
tions and depressions structure 204 is made from a re- 
sist in such a manner that as small flat regions as pos- 
sible are created so as to prevent the reflective layers 
202 from having small angles of inclination. However, 
no manner how the structure 204 is arranged, the peaks 
of the projective portions must be nearly flat, so that the 
reflective layers 202 are fomned even in the nearly fiat 
regions. On the other hand, since a large transparent 
portion 205 not provided with the reflective layers 202 
is arranged at the center of a pixel so as to realize the 
semitransparent type, the projections and depressions 
slruclure 204 in the transparent portion 205 does not 
contribute to an increase in the reflectivity at all. 
[001 4] Figure 3 (a) shows an example of light trails on 
the reflective layers of the prior art semitransparent liq- 
uid crystal display panel. Light 210 reflected on an in- 
clined surface in the projections and depressions struc- 
ture 204 contributes to an increase in intensity, while 
light 2 1 1 regularly reflected near the peak of a projective 
portion is one cause of degradation reverse. Further- 
more, the inclined surfaces of the projective portions in 
the transparent portions 213 are provided with transpar- 
ent electrodes 214 only so that transparent light 21 5 can 
be generated without regard to the projections and de- 
pressions structure 204. Therefore, the inclined surfac- 
es of the projective portions In the transparent portion 
213 do not contribute to an increase in the panel reflec- 
tivity at all. 

[0015] In contrast," the semitransparent liquid crystal 
display device of the present invention devotes the near- 
ly flat regions of the projections and depressions struc- 
ture in the reflective layers to transparent portions, 
which prevents a decrease in panel reflectivity and im- 
proves intensity during permeation. Thus devoting the 
regions not contributing to an increase in the panel re- 
flectivity to transparent portions, both the reflectivity and 
the penneability can be improved. 
[0016] Figure 3 (b) shows an example of light trails on 
the reflective layers of a semitransparent liquid crystal 
display panel of the present invention. Each transparent 
portion 301 having a transparent electrode 300 is 
fomied near the peak of a projective portion. Light 302 
reflected on an inclined surface which contributes to an 
increase in reflection performance is generated on the 
entire surface of the pixel, thereby improving the panel 
reflectivity. Furthermore, devoting the regions near the 
peaks of the projective portions which would cause deg- 
radation reverse in the prior art structure to the trans- 
parent portions 301 reduces the occurrence of gradation 
reverse and also secures the permeability of the back- 
light. These effects result from the fact that the panel 



permeability is detemnined by the total area of the trans- 
parent portions 301 . 

[0017] A third aspect of the invention is characterized 
in the first aspect of the invention, wherein the projec- 
5 tions and depressions structure in the nearly flat regions 
has the angle of inclination of not less than 0 degree.nor 
more than 4 degrees. 

[0018] When the regions having the angle of inclina- 
tion not more than 4 degrees are defined as nearly flat 
10 regions, the reflectivity decreases near the regular re- 
flection direction, while the reflectivity in the visibility di- 
rection away from the regular reflection direction re- 
mains the same, thereby further Improving the permea- 
bility. 

15 [0019] A fourth aspect of the invention is character- 
ized in the first aspect of the invention, wherein at least 
some of the transparent portions do not have transpar- 
ent electrodes. 

[0020] When the transparent portions are small in ar- 
20 ea, even if they do not have transparent electrodes, the 
electric field response of the liquid crystal on the trans- 
parent portions becomes possible in the electric field be- 
tween the ambient reflective layers and the counter lay- 
ers. Consequently the same effects as above can be 
25 obtained. 

[0021 ] A fifth aspect of the invention is characterized 
in the first aspect of the invention, wherein the transpar- 
ent portions have transparent electrodes. 
[0022] As stated above, this is because if the trans- 
30 parent portions have a small area, transparent elec- 
trodes are dispensable; however, if they have a large 
area, it is preferable that they have transparent elec- 
trodes. 

[0023] A sixth aspect of the invention is a semitrans- 
35 parent liquid crystal display device comprising semi- 
transparent layers having a projections and depressions 
structure including reflective portions and transparent 
portions, wherein said transparent portions are so 
fomned as to at least partly include projective portions 
40 of said projections and depressions structure. 

[0024] Since the projective portions include nearly flat 
regions, areas including the nearly flat regions can be 
devoted to transparent portions so as to obtain the same 
effects as those of the first aspect of the invention. 
45 [0025] A seventh aspect of the invention is character- 
ized in the sixth aspect of the invention, wherein the 
transparent portions include peaks of the projective por- 
tions and are formed symmetric with respect to the 
peaks. 

50 [0026] When the transparent portions are fomned in 
the areas including at least the peaks of the projective 
portions of the projections and depressions structure, 
the peaks of the projective portions are the nearly flat 
regions of the projections and depressions structure, 

55 which can prevent a decrease in panel reflectivity and 
improve intensity during pemneation. In other words, the 
devotion of the areas not contributing to an increase in 
the panel reflectivity like the peaks in the projective por- 
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tions to the transparent portions can improve both the 
reflectivity and the permeability. 
[0027] A eighth aspect of the invention is character- 
ized in the sixth aspect of the invention, wherein the 
transparent portions include peaks of the projective por- 5 
tions and are formed asymmetric with respect to the 
peaks. 

[0028] A ninth aspect of the invention is characterized 
in the sixth aspect of the invention, wherein the trans- 
parent portions are fonned on half surfaces of the pro- io 
j active portions. 

[0029] When the transparent portions are provided on 
the half surfaces of the projective portions to be more 
specific, when the transparent portions are mainly pro- 
vided on the half surfaces of the projective portions on is 
the viewer's side and the reflective layers are provided 
on the other half surfaces, even if outer light is reflected 
by the viewer* body and goes Into the panel from the 
viewer's side, the light is discharged through a transpar- 
ent portion out to the rear side. As a result, mirroring is 20 
decreased and visibility is improved. 
[0030] A tenth aspect of the invention is characterized 
in the sixth aspect of the invention, wherein a cross sec- 
tion of the projective portions has an asymmetrical figure 
comprising a plurality of inclined surfaces, and the trans- 25 
parent portions are formed on steeply-inclined surfaces 
of the asymmetrical figure. 

[0031] When the steeply-Inclined surfaces are ar- 
ranged on the viewer's side, light from the backlight 
goes diagonally from the transparent portions on the 30 
projective portions, which improves the intensity during 
permeation. Since approximately the entire surface be- 
comes the reflective layers when seen from above, 
there Is another effect of improving the reflectivity. 
[0032] An eleventh aspect of the invention is a semi- 35 
transparent liquid crystal display device comprising 
semitransparent layers having a projections and de- 
pressions structure including reflective portions and 
transparent portions, wherein a cross section of the pro- 
jective portions of the projections and depressions 40 
structure is trapezoids, and the transparent portions are 
so formed as to at least partly include the top surfaces 
of the trapeze kis. 

[0033] Since the top surfaces of the trapezoids are 
nearly flat, the transparent portions can be so fomried as 45 
to partly Include the neariy flat top surfaces, thereby ob- 
taining the same effects as above. 
[0034] A twelfth aspect of the invention is character- 
ized in the eleventh aspect of the invention, wherein the 
top surfaces of the projective portions are polygonal. 
[0035] By making the top surfaces of the projective 
portions polygonal, the bearing angle of the inclined sur- 
faces can be set freely, facilitating the adjustment of the 
visual angle. 

[0036] A thirteenth aspect of the invention is a semi- 
transparent liquid crystal display device comprising 
semitransparent layers having a projections and de- 
pressions structure including reflective portions and 
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transparent portions, wherein the transparent portions 
are so formed as to include at least the bottoms of de- 
pressive portions of the projections and depressions 
structure. 

[0037] A fourteenth aspect of the invention is charac- 
terized in the thirteenth aspect of the invention, wherein 
the depressive portions of the projections and depres- 
sions structure have bottoms, and the bottoms are near- 
ly flat. 

[0038] If the transparent portions are so fonned as to 
include at least the nearly flat regions of the depressive 
portions, the nearly flat regions of the depressive por- 
tions do not contribute to the panel reflectivity, which 
makes it possible to improve both the panel reflectivity 
and the pemieability. This will be described more spe- 
cifically with reference to Figure 4. Figure 4 shows the 
light trails on the reflective layers of another semitrans- 
parent liquid crystal panel of the present invention. Re- 
gions 401 between projective portions 400 can be made 
nearly flat and be used as transparent portions so as to 
Improve both reflectivity and permeability. 
[0039] A fifteenth aspect of the invention is character- 
ized in the thirteenth aspect of the invention, wherein 
the reflective portions are formed asymmetric with re- 
spect to the peaks of the projective portions. 
[0040] A sixteenth aspect of the invention is charac- 
terized in the fifteenth aspect of the invention, wherein 
the reflective portions are formed on half surfaces of the 
projective portions. 

[0041] As shown in Figures 6(a) and 5(b), when the 
reflective portions are provided asymmetric with respect 
to the peaks of the projective portions, the outer light 
can be gathered effectively in the viewer's direction by 
the same principle as stated above. When the reflective 
portions 41 0 are provided more in the side opposite to 
the viewer's side in the projective portions as shown in 
Figure 5 (a), the outer light coming from the side oppo- 
site to the viewer's side can be collectively gathered. On 
the other hand, when the reflective portions 41 0 are pro- 
vided more in the viewer's side as shown in Figure 5 (b), 
the outer light reflected by the viewer's body or coming 
from the back of the viewer can be collectively gathered. 
When the patterns of Figures 5 (a) and 5 (b) are mixed 
in an appropriate ratio, their respective light-gathering 
properties can be averaged in accordance with the mix- 
ture ratio, thereby adjusting the light-gathering proper- 
ties more effectively. A seventeenth aspect of the inven- 
tion is a semitransparent liquid crystal display device 
comprising semitransparent layers having a projections 
and depressions structure including reflective portions 
and transparent portions, wherein the transparent por- 
tions are formed at least in regions including the peaks 
of the projective portions and in regions including the 
bottoms of the depressive portions. 
[0042] In this structure, both the reflectivity and the 
permeability can be further improved. 
[0043] A eighteenth aspect of the invention is charac- 
terized in the seventeenth aspect of XM invention, 
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wherein both the peaks of the projective portions and 
the regions including the bottoms of the depressive por- 
tions are nearly flat. 

[0044] A nineteenth aspect of the invention is charac- 
terized in the eighth aspect of the Invention , wherein the 
transparent portions are fornied separately from each 
other. 

[0045] A twentieth a^ect of the invention is charac- 
terized in the eleventh aspect of the invention, wherein 
the transparent portions are fomned separately from 
each other. 

[0046] A twenty-first aspect of the invention is char- 
acterized in the nineteenth aspect of the invention, 
wherein the transparent portions are an^nged at ran- 
dom. 

[0047] A twenty-second aspect of the invention is 
characterized in the twentieth aspect of the invention, 
wherein the transparent portions are arranged at ran- 
dom. 

[0048] Thus arranging the transparent portions at ran- 
dom realizes a panel without having diffraction, coloring, 
or inconsistencies in intensity. 

[0049] A twenty-third aspect of the invention Is char- 
acterized in the thirteenth aspect of the Invention, 
wherein the transparent portions are partly connected 
with each other. 

[0050] A twenty-fourth aspect of the invention is char- 
acterized in the seventeenth aspect of the invention, 
wherein the transparent portions are partly connected 
with each other. 

[0051] A twenty-fifth aspect of the invention is char- 
acterized in the thirteenth aspect of the invention, 
wherein the reflective portions are partly connected with 
each other. 

[0052] A twenty-sixth aspect of the the invention is 
characterized in the seventeenth aspect of the inven- 
tion, wherein the reflective portions are partly connected 
with each other. 

[0053] When the reflective portions are made from 
conductive material, connecting the reflective portions 
partly with each other facilitates the electric connection 
in the contact hole. 

[0054] A twenty-seventh aspect of the invention is 
characterized in the thirteenth aspect of the invention, 
wherein a color filter layer is formed on the projections 
and depressions structure, and the color filter layer has 
a thickness of d1 on the projective portions and a thk;k- 
ness of d2 on the depressive portions, the thickness d2 
being greater than the thickness dl. 
[0055] A twenty-eighth aspect of the invention is char- 
acterized in the seventeenth aspect of the invention, 
wherein a color filter layer is formed on the projections 
and depressions structure, and the color filter layer has 
a thickness of d1 on the projective portions and a thick- 
ness of d2 on the depressive portions, the thickness d2 
being greater than the thickness d1 . 
[0056] Light entering as outer light and reflected by 
the reflective layers pemneates through the portions of 
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the color filter layer that have a thickness of d1 . The out- 
er light pemieates through the color filter layer before 
reaching the reflective layers, and again penneates 
through the color filter layer after being reflected by the 

5 reflective layers in other words, the outer light pemne- 
ates through the color filter layer of the thickness d1 
twice. On the other hand, transparent light emitted from 
the backlight through the depressive portions perme- 
ates through the color filter layer of the thickness d2 only 

10 once. Consequently, even if a color filer layer for reflec- 
tion with high penneability is used, the transparent light 
from the backlight passes through the portions of the 
color filter layer that have a larger degree of thickness, 
so that enough color reproducibility can be obtained in 

15 the case of transparent light. 

[0057] A twenty-ninth aspect of the invention is char- 
acterized in the twenty-seventh aspect of the invention, 
wherein the thickness d2 is approximately two times 
larger than the thickness dl . 

20 [0058] A thirtieth aspect of the invention Is character- 
ized in the twenty-eighth aspect of the invention, where- 
in the thickness d2 is approximately two times larger 
than the thickness d1 . 

[0059] In the above structure, the transparent light 

25 from the backlight and the outer light have an equal dis- 
tance to pass through the color filter layer, so that the 
obtained color reproducibility is approximately equal 
during permeation and during reflection. 
[0060] A thirty-first aspect of the invention is a semi- 

30 transparent liquid crystal display device comprising 
semitransparent layers having a projections and de- 
pressions structure, the semitransparent layers partly 
overiaying a gate line on a substrate, wherein capaci- 
tance in an overlaid area of the semitransparent layers 

35 with the gate line decreases with Increasing distance 
from a gate writing side of a liquid crystal panel. 
[0061 ] A thirty-second aspect of the invention is char- 
acterized in the thirty-first aspect of the invention, 
wherein an average degree of thickness of said overiaid 

40 area increases with increasing distance from the gate 
writing side of said liquid crystal panel. 
[0062] A thirty-third aspect of the invention is charac- 
terized in the thirty-second aspect of the invention, 
wherein an area ratio of the projective portions to the 

45 depressive portions in the overiaid area increases with 
Increasing distance from the gate line side of the liquid 
crystal panel. 

[0063] A thirty-fourth aspect of the invention Is a semi- 
transparent liquid crystal display device comprising 

50 semitransparent layers having a projections and de- 
pressions structure, the semitransparent layers partly 
overiaying a source line on a substrate, wherein capac- 
itance in an overiaid area of the semitransparent layers 
and the source line decreases with increasing distance 

55 from a gate writing side of a liquid crystal panel. 

[0064] A thirty-fifth aspect of the invention is charac- 
terized in the thirty-fourth aspect of the invention, where- 
in an average degree of thickness of the overiaid area 
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increases with increasing distance from the gate writing 
side of the liquid crystal pane). 
[0065] A thirty-sixth aspect of the invention is charac- 
terized in the twenty-fifth aspect of the invention, where- 
in an area ratio of the projective portions to the depres- 5 
sive portions in the overlaid area increases with increas- 
ing distance from the gate line side of the liquid crystal 
panel. 

[0066] A thirty-seventh aspect of the Invention is char- 
acterized in the thirty-first aspect of the invention, io 
wherein the capacitance changes continuously 
[O067] A thirty-eighth aspect of the invention is char- 
acterized in the thirty-fourth aspect of the invention, 
wherein the capacitance changes continuously 
[0068] The effects of the thirty-first to the thirty-eighth i5 
aspects of the invention will be described as follows. 
[0069] During the panel is being operated, the gate 
voltage decreases due to the line resistance of the gate 
as it gels far from the writing side. As a result, when the 
pixels have a uniform capacity within the screen, flicker 20 
occurs after writing. The counter potential Vcom neces- 
sary to eliminate the flicker differs within the screen. Dif- 
ference A Vcom In counter potential at each position 
within the screen, as compared with the counter poten- 
tial Vcom on the line side is expressed in Formula (1) 25 
below. 



A Vcom = ((Cst + Cgd+Csd)/Clc] x a Vg (1) 



30 



Cst: storage capacity 
Cgd: gate-drain capacity 
Csd: source-drain capacity 
CIc: liquid crystal capacity 

AVg: difference in gate voltage at each position 35 
within the screen, as compared with the initial value 
of the gate voltage on the line side 

[0070] In order to reduce flicker, it is necessary to 
maintain A Vcom below a fixed value, even if AVg con- 40 
tinuously increases with increasing distance from the 
writing side. Therefore, it is necessary to reduce all or 
either one of Cst, Cgd, and Csd in accordance with an 
increase in A Vg. 

[0071] The parasitic capacity due to the projections 45 
and depressions structure fonned In the overlaid area 
of the gate line with the reflective layers is included in 
Cst In terms of an equivalent circuit. Consequently, the 
parasitic capacity due to the projections and depres- 
sions structure fonned in the overlaid area of the gate 50 
line with the reflective layers with increasing distance 
from the writing side can be decreased, so as to obtain 
the effect of reducing flicker The degree of a decrease 
in potential due to the resistance of the gate line contin- 
uously increases in accordance with the distance from ss 
the writing side, provided that the lines have a uniform 
width. As a result, continuously changing the parasitic 
capacity can reduce flicker further effectively. 



[0072] The parasitic capacity can be changed by the 
average degree of thickness of the projections and de- 
pressions structure fonned In the overiaid area of the 
gate line with the reflective layers. The average degree 
of thickness is defined by the value obtained by dividing 
the volume of the overiaid area by the bottom space of 
the overlaid area. Alternatively, the parasitic capacity 
can be changed by varying the area ratio of the projec- 
tive portions to the depressive portions. This can be 
done because the average degree of thickness increas- 
es when the projective portions are larger In area than 
the depressive portions, and decreases when the de- 
pressive portions are larger in area. 
[0073] Generally, when nearly flat reflective layers are 
used, the space of the overiaid area is changed, and the 
degree of thickness is fixed so as to continuously 
change the value of the parasitic capacity for each pixel. 
This is because It is difficult to change the degree of the 
thickness of the layers which is detenmined by how it is 
deposited from pixel to pixel. However, by using the lay- 
ers having the projections and depressions structure, 
the value of the parasitic capacity is easily changed by 
the ratio of the projective portions to the depressive por- 
tions, even if the resist is deposited with a uniform de- 
gree of thickness. On the other hand, in a semitranspar- 
ent panel with the projections and depressions struc- 
ture, if the parasitic capacity is changed by the space of 
the overiaid area, regions without the projections and 
depressions structure are expanded, which decreases 
intensity and causes its variations within the screen, 
thereby degrading the display quality. However, by 
changing the parasitic capacity by varying the ratio of 
the projective portions to the depressive portions, the 
projections and depressions structure can be formed on 
the entire surface, eliminating the occurrence of prob- 
lems such as an intensity decrease. Consequently, in a 
semitransparent panel comprising semitransparent lay- 
ers having the projections and the depressions struc- 
ture, the occurrence of flickercan be effectively prevent- 
ed by changing the ratio of the projective portions to the 
depressive portions that is, average degree of thick- 
ness. 

[0074] The parasitic capacity of the overiaid area of 
the reflective layers with the source line is included in 
Csd In Fonnula (1 ). Therefore, in the same principle as 
above, the occun-ence of flicker can be reduced by de- 
creasing the parasitic capacity due to the projections 
and depressions structure formed in the overiaid area 
of the source line with the reflective layers with increas- 
ing distance from the writing side. In this case, too, it is 
effective to change the parasitic capacity by the average 
degree of thkjkness of the projections and depressions 
structure. 

[0075] A thirty-ninth aspect of the invention is a semi- 
transparent liquid crystal display device comprising 
semitransparent layers having a projections and de- 
pressions structure including reflective portions and 
transparent portions, wherein the transparent portions 
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are so formed as to include at least the peaks of projec- 
tive portions of the projections and depressions struc- 
ture, and micro lenses are arranged under the projective 
portions. 

[0076] In this structure, lightfrom the backlight Is gath- 5 
ered by micro lenses and emitted through the transpar- 
ent portions arranged at the peaks of the projective por- 
tions, thereby achieving high intensity during pemiea- 
tion. 

[0077] A fortieth aspect of the Invention is a semi- fo 
transparent liquid crystal display device comprising 
semitransparent layers having a projections and de- 
pressions structure including reflective portions and 
transparent portions, wherein pixels comprise the trans- 
parent portions of different area ratios. 
[0078] In this liquid crystal display device, variations 
in Intensity occur in accordance with the distance from 
the backlight. The Intensity of the panel Is likely to In- 
crease as It is closer to the backlight. Therefore, inten- 
sity within the screen can be unifonmed by changing the 20 
area ratio of the transparent portions to the pixels ac- 
cording to the position within the screen. To be more 
specific, the area ratio of the transparent portions can 
be made smaller as they are closer to the backlight. 
[0079] A forty-first aspect of the invention is charac- 25 
terized in the fortieth aspect of the invention, wherein 
the transparent portions have a range of area ratio 
where panel reflectivity is approximately constant. 
[0080] When the transparent portions are arranged in 
the nearly flat regions in the projections and depressions 30 
structure, the regions do not contribute to an increase 
In panel reflectivity, so that the panel reflectivity be- 
comes approximately constant without regard to the ar- 
ea ratio of the transparent portions. Therefore, the in- 
tensity within the panel screen can be uniformed both 35 
during penneation and during reflection. 
[0081] A forty-second aspect of the invention is a 
semitransparent liquid crystal display device comprising 
semitransparent layers having a projections and de- 
pressions structure including reflective portions and ^0 
transparent portions, wherein the transparent portions 
are fomned in regions where the projections and depres- 
sions structure has the angle of inclination of not less 
than 10 degrees. 

[0082] A forty-third aspect of the invention is a semi- ^5 
transparent liquid crystal display device comprising 
semitransparent layers having a projections and de- 
pressions structure including reflective portions and 
transparent portions, wherein the transparent portions 
are formed in regions where the projections and depres- 
sions structure has the angle of inclination of not less 
than 1 0 degrees and in regions where the projections 
and depressions structure has the angle of inclination 
of not more than 2 degrees. 

[0083] The distribution of the angles of inclination of 55 
the projections and depressions structure has a strong 
correlation with the reflection properties of the panel For 
example, when light enters with the angle of 30 degrees 



and the reflected light is gathered in the polar angle of 
0 to 25 degrees, the angle of Inclination involved with 
light-gathering is in the range of about 2 to 10 degrees. 
The light reflected in the nearly flat regions of less than 
2 degrees becomes light of regular reflection, which 
causes display defect. On the other hand, the light re- 
flected in regions having a large angle of inclination of 
not less than 10 degrees is either reflected to the side 
opposite to the direction of visibility or enclosed inside 
the panel without being invoh/ed with light-gathering. 
Consequently as stated above, even If the regions with 
the angle of inclination of not less than 10 degrees are 
included in the transparent portions in addition to the 
neariy flat regions, the reflection properties within the 
visible range remain the same. Furthemiore, the inten- 
sity during penneation is improved by the expansion of 
the area of the transparent portions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0084] Figure 1 shows the top view of the an-ay sub- 
strate of a prior art semitransparent liquid crystal display 
device. 

[0085] Figure 2 shows a cross sectional view of the 
array substrate of the prk>r art semitransparent liquid 
crystal display device. 

[0086] Figure 3 (a) shows the light trails on the reflec- 
tive layers In the prior art semitransparent liquid crystal 
display device, and Figure 3 (b) shows the light trails on 
the reflective layers in a semitransparent liquid crystal 
display device of the present invention. 
[0087] Figure 4 shows the light trails on the reflective 
layers in another semitransparent liquid crystal display 
device of the present invention. 
[0088] Figure 5 (a) shows the top view of the array 
substrate where reflective portions are an-anged larger 
on the side opposite to the viewer's side, and Figure 5 
(b) shows the top view of the array substrate where re- 
flective portions are an-anged larger on the viewer's 
side. 

[0089] Figure 6 shows the top view of the an-ay sub- 
strate of the semitransparent liquid crystal display de- 
vice of Embodiment 1 . 

[0090] Figure 7 shows a cross sectional view of the 
array substrate of the semitransparent liquid crystal dis- 
play device of Embodiment 1 . 

[0091] Figure 8 is a graph showing the relationship 
between the area ratio of the transparent portions in the 
array substrate and the panel reflectivity. 
[0092] Figure 9 shows the top view of a modified ex- 
ample of the array substrate of the semitransparent liq- 
uid crystal display device of Embodiment 1 . 
[0093] Figure 1 0 shows a top view of another modified 
example of the array substrate of the semitransparent 
liquid crystal display device of Embodiment 1. 
[0094] Figure 1 1 shows a top view of further another 
modified example of the array substrate of the semi- 
transparent liquid crystal display device of Embodiment 
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1. 

[0095] Figure 1 2 shows a top view of another modified 
array substrate of the semitransparent liquid crystal dis- 
play device of Embodiment 1 . 

[0096] Figure 1 3 shows the top view of the array sub- 
strate of a semitransparent liquid crystal display device 
of Embodiment 2. 

[0097] Figure 14 shows a cross sectional view of the 
array substrate of the semitransparent liquid crystal dis- 
play device of Embodiment 2. 

[0098] Figure 15 shows a cross sectional view of a 
modified example of the an-ay substrate of the semi- 
transparent liquid crystal display device of Embodiment 
2. 

[0099] Figure 1 6 shows the top view of a modified ex- 
ample of the array substrate of the semitransparent liq- 
uid crystal display device of Embodiment 2. 
[0100] Figure 1 7 shows the top view of a modified ex- 
ample of the array substrate of the semitransparent liq- 
uid crystal display device of Embodiment 3. 
[0101] Figure 18 shows the structure of the semitrans- 
parent liquid crystal display device of Embodiment 4. 
[01 02] Figures 1 9 (a) and 1 9 (b) show top views of the 
an-ay substrate of the semitransparent liquid crystal dis- 
play device of Embodiment 4. 

[0103] Figure 20 shows a cross sectional view of the 
semitransparent liquid crystal display device of Embod- 
iment 6. 

[01 04] Figure 21 shows the structure of the semitrans- 
parent liquid crystal display device of Embodiment 7. 
[0105] Figure 22 is a graph showing the relationship 
among the relative positions within the panel, the area 
ratio of the transparent portions In the panel, and the 
panel reflectivity. 

[01 06] Figure 23 shows the structure of the semitrans- 
parent liquid crystal display device of Embodiment 8. 
[0107] Figure 24 is a graph showing the distribution 
of the angles of inclination of the projections and depres- 
sions structure 5. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[01 08] The semitransparent liquid crystal display de- 
vice of the present Invention will be described as follows 
with reference to the drawings. 

EMBODIMENT 1 

[01 09] Figures 6 and 7 respectively show the top view 
and a cross sectional view of the array substrate of the 
semitransparent liquid crystal display device of Embod- 
iment 1 of the present invention. In reflective layers (re- 
flective portions) 3 having a projections and depressions 
structure 5, transparent portions 6 are so fonned as to 
include the peaks (peak portions) 7 of the projective por- 
tions. 

[01 1 0] The peaks 7 of the projective portions are near- 
ly flat and reflect outer light like mirror surfaces, so that 



they fail to contrtoute to an increase in reflectivity. If re- 
flective layers were fonned on the nearly flat surfaces, 
the outer light would be undesirably mirrored?, causing 
gradation reverse. Therefore, devoting the nearly flat re- 

5 gions including the peaks 7 to the transparent portions 
6 prevents a semitransparent liquid crystal display de- 
vice from reducing the reflectivity. This structure also re- 
duces the gradation reverse resulting from the peaks 7 
being nearly flat. The transparent liquid crystal display 

10 device shown in Figures 6 and 7 comprises a gate line 
1, a source line 2, reflective layers 3, a contact hole 4, 
a pixel 8, an array substrate 9, a first insulator layer 10, 
a second insulator 11 , an a-Si layer 12, a first contact 
layer 13, a second contact layer 14, and transparent 

15 electrodes 1 5. 

[01 1 1 1 A method for manufacturing the semitranspar- 
ent liquid crystal display device will be described as fol- 
lows. 

[0112] First, the first insulator layer 10 is formed on 

20 the entire surface of the array substrate 9 having the 
gate line 1 and the source line 2 thereon in such a man- 
ner as to cover the gate line 1 by using a silicon oxide. 
Then, the a-SI layer 1 2, the first contact layer 1 3 and the 
second contact layer 1 4 are formed on the first insulator 

25 layer 1 0 so as to make a TFT element. After silicon oxide 
is applied on the entire surface of the substrate 9 so as 
to make the second insulator layer 11, the projections 
and depressions structure 5 Is formed by applying a 
photo resist on the entire surface and using a mask ex- 

30 posure. After the contact hole 4 is fonned. the transpar- 
ent electrodes 15 are formed, and aluminum is depos- 
ited to tomi the reflective layers 3. In that case, alumi- 
num is not deposited on the regions including the peaks 
7 of the projective portions of the structure 5, thereby 

35 fomning the transparent portions 6 on the peaks 7. Since 
the peaks 7 of the projective portions are nearly flat, de- 
voting the regions including the peaks 7 of the projective 
portions to the transparent portions 6 enables backlight 
to permeate through the transparent portions 6, making 

40 Is possible to use the liquid crystal display device as 
transparent type. Furthermore, the presence of the re- 
flective layers 3 enables the liquid crystal display devfce 
to be used as reflective type. 

[0113] The area of the transparent portions 6 ac- 
counts for 30% of the pixel 8. The panel reflectivity was 
measured by emitting diffused light and found to be 
30%. 

[0114] The panel reflectivity was measured while 
changing the area ratio of the transparent portions in the 

50 panel from 0 to 100%. The results are shown in Figure 
8. For comparison, Figure 8 also shows the measure- 
ment results of the prior art semitransparent liquid crys- 
tal display device shown in Figures 1 and 2. 
[0115] As apparent from Figure 8, in the prior art de- 

55 vice, the panel reflectivity decreases monotonously as 
the area ratio of the transparent portions in the panel 
increases. This is because the area ratio of the trans- 
parent portions and the panel reflectivity is at a ratio of 
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1 :1 in the prior art device. 

[0116] I n t he present embodiment, on the other hand, 
until the area ratio of the transparent portions in the pan- 
el reaches 25%, the panel reflectivity remains approxi- 
mately the same. When the area ratio further increases, 5 
the panel reflectivity decreases, but still is much higher 
than in the prior art device. 

[0117] The penmeability and the area ratio of the 
transparent portions in the panel are 1 :1 , so that in the 
structure of the present embodiment, both the panel re- io 
f lectivity and the permeability are higher than in the prior 
art structure. 

[0118] Furthermore, as apparentfrom Figure 8, in the 
present embodiment, the area ratio of the transparent 
portions has a range where the panel reflectivity is ap- 
proximately constant. The reason for this is that regions 
in the panel where the angle of inclination of the projec- 
tive portions Is not more than 2 degrees do not contrib- 
ute to an increase in the panel reflectivity, so that devot- 
ing these regions to the transparent portions does not 
change the panel reflectivity. The reason for the de- 
crease in the panel reflectivity with increasing area ratio 
of the transparent portions is as follows. As the area ratio 
of the transparent portions increases, regions with the 
at^gle of inclination large enough to contribute to an in- 
crease in the panel reflectivity are also included in the 
transparent portions. 

[01 1 9] The transparent portions can be formed either 
symmetric or asymmetric with respect to the peaks 7 of 
the projective portions. As the transparent portions in- 
crease in area, they cover as far as the inclined regions 
which contribute to the improvement of reflection per- 
fonnance, thereby deteriorating the reflectivity. In that 
case, as shown in Figure 9, when the transparent por- 
tions 6 are provided in the projective portions 30 in the 
panel, the reflective layers 3 are arranged more on the 
side which receives more outer light, while the transpar- 
ent portions 6 covering the peaks 7 are arranged more 
on the bottom side of the panel (bottom side in Figure 
9) in consideration of the direction for the panel to be 
seen. As a result, the permeability is secured without 
decreasing the reflectivity. Thus, when the transparent 
portions 6 including the peaks 7 of the projective por- 
tions 30 are fomied on the outer light side 1 01 and the 
viewer's side 102 shown in Figure 9, It is preferable that 
the transparent portions 6 are arranged more on the 
viewer's side 102. 

[0120] The transparent portions 6 do not have to be 
provided near the peaks 7 of all the projective portions 
30; they can be provided in some of the projective por- 
tions 30 in consideration of the degree of degradation 
reverse. Thus forming the transparent portions 6 in 
some of the projective portions 30 facilitates the adjust- 
ment of the reflectivity. 

[0121] Furthermore, the shape of the transparent por- 
tions 6 is not restrteted to the one shown in Figure 9; for 
example, as shown in Figure 1 0, they can be arranged 
on the half surfaces of the projective portions 30 which 



are on the viewer's side 103. In that case, even if the 
outer light 104 is reflected by the viewer 103 and goes 
into the panel from the viewer's side, it permeates 
through a transparent portion 6 out to the rear side of 
the panel. Consequently, there is the effect of decreas- 
ing mirroring and improving the visibility. 
[0122] Furthemnore. as shown in Figure 11 , it is pos- 
sible that the projective portions 30 have asymmetrical 
cross sections, and that the transparent portions 6 are 
provided on the steeper surfaces of the projective por- 
tions 30 on the side of the viewer 103. In that case, the 
backlight 71 is gathered by using an optical element 1 05 
and entered diagonally through the transparent portions 
6 in the projective portions 30, so as to improve the In- 
tensity during the penneation. In addition, when seen 
from above, nearly the entire surface of the panel is 
made up of the reflective layers 3, thereby improving the 
reflectivity. 

[01 23] It is not necessary to form the transparent elec- 
trodes 1 5 under the reflective layers 3; they could be 
formed over them. It is not necessary, either, to form the 
transparent electrodes 15 on the entire surface of the 
panel; they could be formed on a part of the surface. For 
example, when the transparent electrodes 1 5 include 
the transparent portions 6 and partly cover the reflective 
layers 3 around them, sufficient conductivity can be ob- 
tained. Even if the transparent portions 6 do not have 
the transparent electrodes 15, when the transparent 
portions are small in area, the electric fleld response of 
liquid crystal on the transparent portions 6 can be real- 
ized by the electric field fomried between the reflective 
layers 3 and the counter layers, thereby providing the 
same effects as above. For example, when the panel 
gap is 1 0jun, no transparent electrode is necessary, pro- 
vided that the transparent portions 6 have a thrckness 
not more than Sum. The same holds true when the panel 
gap is around 5|xm and the transparent portions 6 have 
a thickness not more than 3|im. 
[01 24] It Is not necessary that the projective portions 
30 have their peaks 7; they can be trapezoidal as shown 
in Figure 12. In that case, the top surfaces of the trape- 
zoids can be devoted to the transparent portions 6 so 
as to obtain the same effects. The projective portions 
30, when seen from above, can be polygonal instead of 
being circular. By making the projective portions 30 have 
a polygonal plane figure, the angle of the inclined sur- 
faces can be set freely, thereby providing the effect of 
adjusting the direction of the vision. 
[0125] It is also preferable that the ratio of the trans- 
parent portions to the reflective layers is varied accord- 
ing to the main use of the liquid crystal display device. 
If it is mainly used outdoor, the ratio of the reflective lay- 
ers is preferably not less than 60%. A normal reflective 
panel has reflectivity of around 35%, so that when the 
ratio of the reflective layers is not less than 60%, the 
panel reflectivity becomes not less than 20%, which se- 
cures sufficient visibility. On the other hand, in the device 
often used as transparent type like a notebook personal 
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computer, the ratio of the transparent portions can be 
set high to obtain good display performance. 
[0126] In Embodiment 1 . the regions having the angle 
of inclination of not more than 2 degrees are used as 
the nearly flat regions; however, this is not the only con- 
dition possible. In general, in the regions having the an- 
gle of inclination close to 0 degree, the panel reflectivity 
is detemr>lned In the direction of visibility close to the reg- 
ular reflection, while in the regions having the angle of 
inclination of larger degrees, the panel reflectivity is de- 
termined at the angle away from the regular reflection. 
Therefore, for example, when the angle of inclination not 
more than 4 degrees is defined as the nearly flat regions, 
the reflectivity decreases in a position near the direction 
of the regular reflection, but it remains the same in the 
visibility direction away from the direction of the regular 
reflection, thereby realizing a panel with improved per- 
meability. 

Embodiment 2 

[0127] Figures 13 and 14 respectively show the top 
view and a cross sectional view of the array substrate 
of the semitransparent liquid crystal display device of 
Embodiment 2 of the present invention. These drawings 
contain a lamp cover 24, a light guide 25, a polari2er 26, 
an insulator layer 27, a counter substrate 28, a TFT el- 
ement 29 and a liquid crystal layer 32. 
[0128] Pixel electrodes 20 have approximately the 
same structure as those of Embodiment 1 except that 
they include projective reflective portions 21 and trans- 
parent portions 6 which are nearly flat and arranged 
among the projective reflective portions 21 . The display 
device of Embodiment 2 differs from that of Embodiment 
1 in that reflective layers are fomned exclusively in the 
projective portions of the projections and depressions 
structure 5 as the projective reflective portions 21 , that 
a single resist layer Is formed so as to make the depres- 
sive portions nearly flat, and that the nearly flat depres- 
sive portions are devoted to the transparent portions 
through which backlight pemrieates. In this structure, the 
projective reflective portions 21 improve the reflectivity, 
and the presence of the transparent portions 6 with a 
large area improves the pemneability. 
[0129] Moreover, the single-layered resist can simpli- 
fy the manufacturing process of the display device. If the 
projective reflective portions 21 are made from a con- 
ductive material such as aluminum, it can be electrically 
connected with the transparent electrodes 1 5 in the de- 
pressive portions, so as to be used as electrodes. 
[0130] In that case, if the liquid crystal layers In the 
depressive portions have a gap twice as large as the 
liquid crystal layers in the projective portions, these liq- 
uid crystal layers have the same retardation during per- 
meation and during reflection. The liquid crystal layers 
have the same modulation of light during reflection and 
during permeation, so that the intensity is improved. In 
designing the liquid crystal layers, those in the depres- 



sive portions and those in the projective portions can 
have a thickness of around 6M.m and 3p,m, respectively. 
In order to obtain high intensity both during reflection 
and during permeation, the angle of the twist of the liquid 
5 crystal in the liquid crystal layers is preferably in the 
range of 40 to 90 degrees. 

[0131] The area ratio of the projective portions to the 
depressive portions can be varied according to the use 
of the panel; for example, the area ratio of the depres- 
10 sive portions to the pixel 8 can be varied in the range of 
20 to 70%. 

[0132] Figure 16 is a cross sectional view of a modi- 
fied example of the an-ay substrate of the liquid crystal 
device of Embodiment 2, in which a color filter layer 31 
15 is fonmed on the array substrate 9. The color filter layer 
31 has a thickness of d1 on the projective portions 30 
and a thickness of d2 on the depressive portions 33, and 
the thickness d2 is set to be larger than the thtekness d1 . 
[0133] The outer light entered and reflected by the re- 

20 flective layers 3 pemrieates through the portions of the 
color fitter layer 31 that have the thickness d1 (the pro- 
jective portions 30 in the color filter layer 31 ). The outer 
light permeates through the color filter layer 31 until it 
reaches the reflective layers 3, and again pemneates 

25 through the color filter layer 31 after being reflected by 
the reflective layers 3 (which means that the outer light 
twice permeates through the color filter layer 31 of the 
thickness dl). On the other hand, the transparent light 
from the backlight 23 passing through the transparent 

30 electrodes 15 in the depressive portions 33 only once 
pemneates through the portions of the color filter layer 
31 that have the thickness d2 (the depressive portions 
33 of the color filter layer 31 ). Therefore, in the condition 
of dl <d2, even with the color filter layer 31 for reflection 

35 with high permeability, the transparent light emitted from 
the backlight 23 passes through the portions of the color 
filter layer 31 that have the larger thickness during per- 
meation, thereby providing sufficient color reproducibil- 
ity even in the case of transparent light. 

40 [01 34] In setting the thickness of the color filter layer 
31 through which light pemneates, If the thickness d2 of 
the color filter layer 31 on the depressive portions 33 is 
twbe as large as the thickness dl of the color filter layer 
31 on the projective portions 30, the transparent light 

^5 emitted from the backlight 23 and the outer light have 
an equal distance to pemieate through the color filter 
layer 31 . As a result, approximately the same color re- 
producibility can be obtained both during pemieatlon 
and during reflection. 

50 [0135] The specific method for fabricating the above 
semitransparent liquid crystal display device will be de- 
scribed as follows. 

[01 36] First, the transparent electrodes 1 5 are depos- 
ited on the insulator layer 27, and projective portions 30 
55 are so fomned as to have a height of 3^ m and a width 
of 9\Lm. The projective portions 30 are surrounded by 
depressive portions 33 each having a width of 3 to 5p.m. 
The projective portions 30 have the reflective layers 3 
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thereon, so that the depressive portions 33 become 
transparent portions. The area ratio of the transparent 
portions to the pixel 8 is set at 48%. 
(01371 Then, a color filter material is applied, and the 
RGB color filter layer 31 is fonned pixel by pixel through s 
a patterning process. The pitch of the depressive por- 
tions 33 and the projective portions 30 is only several to 
10 m, so that the color filter material is applied thickly 
on the depressive portions 33 and thinly on the projec- 
tive portions 30, To be more specific, the color filter layer io 
31 has a thickness of 1 .9 p.m on the depressive portions 
33 and a thickness of 1 p.m on the projective portions 30. 
[0138] Using the small-pitched projections and de- 
pressions structure 5 enables the color filter material to 
be so applied as to have different degrees of thickness, is 
thereby making the color filter layer 31 have different 
degrees of thickness. 

[0139] Later, the liquid crystal layers in the projective 
portions 30 are so formed as to have a thickness of 3^l 
m, thereby realizing a semitransparent liquid crystal dis- 20 
play device. 

[0140] The display performance of the panel was 
evaluated both during reflection and during pemneation. 
Since the transparent portions were formed in the neariy 
flat regions, a high reflectivity of 36% was obtained. The 
area ratio of the transparent portions was as high as 
40%. Furthermore, because the color filter layer 31 has 
different degrees of thickness between the depressive 
portions and the projective portions, the obtained color 
reproducibility was approximately equal during reflec- 
tion and during permeation. 

[0141] The dimensions of the projective and depres- 
sive portions and the degrees of thickness of the color 
filter layer 31 are not restricted to the above-mentioned 
figures; the projective portions may have a height of 1 
to 5 p.m, and the color filter layer 31 may have a thick- 
ness of 0.5 to 2|xm in the transparent portions and a 
thickness of 0.25 to 1|xm In the reflective portions. 
[0142] Figure 1 6 shows the top view of a modified ex- 
ample of the array substrate in which projective reflec- 
tive portions 21 are connected with each other via con- 
nective portions 110 and also with a contact hole 4, so 
as to function as reflective electrodes. Thus forming the 
projective reflective portions 21 connected with each 
other has the advantage of facilitating the electric con- 
nection between the reflective electrodes and the con- 
tact hole 4. The connective portions 1 1 0 do not neces- 
sarily have a similar height to the projective reflective 
portions 21 and can be thin, provided that they can elec- 
trically connect the projective reflective portions 21 each 
other. If the connective portions 110 are made as high 
as the projective reflective porttons 21, the reflection 
characteristics can be improved due to the distribution 
of the angle of inclination of the connective portions 
1906 themselves. 



Embodiment 3 

[01 43] Figure 1 7 shows the top view of the array sub- 
strate of the semitransparent liquid crystal display de- 
vice of Embodiment3 of the present invention. The pixel 
electrodes 20 have the projective reflective portions 21 
thereon having first transparent portions 40. The first 
transparent portions 40 are so formed as to include the 
peaks 7 of the projective portions. On the other hand, 
second transparent portions 41 are fomied in the de- 
pressive portions 33 of the pixel electrodes 20. 
[0144] According to this structure, the projective re- 
flective portions 21 improve the reflectivity, and the first 
and second transparent portions 40 and 41 expand the 
total area of the transparent portions (the entire nearly 
flat regions become the transparent portions) to improve 
the permeability, thereby increasing the intensity when 
the display device is used as transparent type. The for- 
mation of the first transparent portions 40 in such a man- 
ner as to include the peaks 7 of the projective reflective 
portions 21 has the effect of reducing the specular sur- 
face reflection due to the presence of the neariy flat re- 
gions in the peaks of the projective portions. 



[0145] Figure 18 shows the structure of the semitrans- 
parent liquid crystal display device of Embodiment 4 of 
the present invention, and Figures 1 9(a) and 1 9(b) show 
top views of the anray substrate of this display device. 
When pixels A54 and B55 are arranged in the direction 
56 of writing the gate potential, the top view of the pixel 
A54 and the top view of the pixel B55 are shown in Fig- 
ure 19 (a) and Figure 19 (b), respectively. In an overiaid 
area 59 of the gate line 1 with the pixel 58, the ratio of 
the projective portions to the depressive portions in each 
of the pixels A54 and B55 depends on the writing direc- 
tion 56; the ratio of the projective portions becomes 
higher as it gets far from the writing side 57 of the gate. 
Thus, when the ratio of the projective portions is high, 
the average degree of thickness increases, thereby de- 
creasing the parasitic capacity. As a result, this structure 
can reduce the occurrence of flicker. Figures 19 con- 
tains a liquid crystal panel 50, a display pixel region 51 , 
a source iC 52 and a gate IC 53. 
[01 46] The above-described effects will be detailed as 
follows. 

[0147] The gate line 1 has a wkJth of 4^Lm, and is over- 
iaid with the pixel 58 by a width of 1 .5^un. The distance 
between adjacent pixel electrodes is 1 |am. In forming 
the projections and depressions structure 5, when the 
resist is applied as thick as 3nm, the maximum differ- 
ence between the projective portions and the depres- 
sive portions after development is 2^m. The insulator 
layer formed beneath the resist has a thickness of 
1 .5|im. Consequently, in the overiaid area 59 of the gate 
line 1 with the pixel 58, the distance between the gate 
line 1 and the peaks of the projective portions is 4.5p,m, 



2s Embodiment 4 



30 



35 



40 



45 



50 



11 



1113308A1J_> 



21 



EP1 113 308 A1 



22 



and the distance between the gate line 1 and the bottom 
of the depressive portions is 2.S\Lrr\. 
[0148] On the other hand, the area ratio of the projec- 
tive portions 30 to the depressive portions 33 in the pro- 
jections and depressions structure 5 at the overlaid area 
59 of the gate fine 1 with the pixel 58 is continuously 
changed according to the distance from the writing side 
57 of the gate potential. The area ratio of the projective 
portions 30 is increased as it gets far from the line side 
57 in the writing direction 56. To be more specific, the 
ratio of the projective portions 30 is varied from 20 to 
90% within the screen. The area ratio of the projective 
portions 30 to the depressive portions 33 has a correla- 
tion to the average thickness; increasing the ratio of the 
projective portions 30 has the same effects as increas- 
ing the average degree of thickness. 
[0149] According to the structure of the present em- 
bodiment, even rf the gate potential decreases due to 
line resistance, in accordance with the degree of this de- 
crease, the value of the parasitic capacity is optimized 
within the screen. As a result, flicker is greatly reduced 
to not more than 1 00 mV so as to provide excellent dis- 
play performance, 

[0150] The gate is supplied with electricity from one 
side in the present embodiment; it goes without saying 
that it could be supplied from both sides. When the gate 
is supplied with electricity from both sides, the same ef- 
fects as above can be obtained by changing the para- 
sitic capacity according to the writing direction. To be 
more specific, in the electric supply from both sides, the 
parasitic capacity is designed to be symmetrical in each 
line. Since the projections and depressions structure of 
the overiaid area contributes to the Improvement of re- 
flection performance, the electric supply from both sides 
unifomrjs the reflection perfomiance in each line, with 
the effect of achieving uniform display perfomriance. 
[0151] In the present embodiment, the area ratio of 
the projective portions to the depressive portions in the 
overiaid area of a pixel with the gate line is varied; in- 
stead, the area ratio of the projective portions to the de- 
pressive portions in the overiaid area of a pixel with the 
source line could be changed. The same effects could 
be obtained by changing the area ratio of the overiaid 
area of a pixel with the gate line, and the area ratio of 
the overiaid area of the pixel with the source line. Chang- 
ing the area ratios of these overiaid areas further fadll- 
lates the adjustment of the value of the parasitk; capac- 
ity. 

Embodiment 5 

[0152] In the same structure as Embodiment 4, the 
average degree of thickness of the overiaid area of a 
source line 901 with a pixel 906 is varied according to 
the distance from the writing side. 



Embodiment 6 

[0153] Figure 20 shows a cross sectional view of the 
semitransparent liquid crystal display device of Embod- 

5 iment 6 of the present invention. The transparent por- 
tions 6 through which light 71 emitted from the backlight 
(not shown) penneates are so fomied as to include the 
peaks 7 of the projective portions of the projections and 
depressions structure 5, and micro lenses 70 are pro- 

10 vided on the rear side of the devtee. The light 71 from 
the backlight is gathered at the transparent portions 6 
by the micro lenses 70 and emitted. As a result, the light 
which would be inherently reflected by the rear surfaces 
of the reflective layers 3 and not be emitted to the view- 

^5 er's side can permeate through the transparent portions 
6, which achieves high intensity. 
[0154] The specific method for fabricating the semi- 
transparent liquid crystal display device will be de- 
scribed. 

^0 [01 55] First, the gate line 1 , the first insulator layer 1 0 
and other components are formed on the array sub- 
strate 9, and then the micro lenses 70 are fomied by 
using an ultraviolet cure resin. After the entire surface 
is flattened by using the second insulator layer 11, the 
projections and depressions structure 5 and other com- 
ponents are formed. The peaks 7 of the projective por- 
tions 33 are devoted to the transparent portions. By ar- 
ranging the projective portions 30 on the micro lenses 
70, the light 71 from the backlight is gathered by the mi- 
cro lenses 70 and emitted through the transparent por- 
tions 6. The micro lenses 70 have a width of 10 ^un and 
a thickness of 1 .5 jim, and the projective portions have 
a width of 12|im. 

[0156] As described above, arranging the micro lens- 
es 70 under the projective portions 30 makes the light 
71 from the backlight be gathered by the micro lenses 
70 and emitted through the transparent portions 6 (the 
light 71 is less reflected by the reflective layers 3), so 
that the intensity improves. Experiments were conduct- 
ed about intensity characteristbs, and it was found that 
the intensity was increased by 120% with the presence 
of the micro tenses 70, as compared with the case of 
the absence of the lenses 70. 

[0157] The second insulator layer 11 is fonned on the 
micro lenses 70 in the present embodiment; however, it 
could be fonned under the lenses 70. In that case, the 
projective portions 30 can be formed in accordance with 
the figure of the micro lenses 70. By using the second 
insulator layer 11 , the transparent portions 6 of the pro- 
jective portions 30 can be fonned in accordance with the 
focal length of the micro lenses 70, which improves the 
light-gathering efficiency of the light 71 . The focal length 
of the micro lenses 70 is preferably in the range of 1 to 
5^m, from the view point of reducing an increase in the 
thickness of the second insulator layer 11. 
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Embodiment 7 

[0158] Figure 21 showsthe structure of the semitrans- 
parent liquid crystal display device of Embodiment 7 of 
the present invention. The backlight 23 is attached to 5 
the light guide 25, and a diffusion layer 80 and a semi- 
transparent liquid crystal panel 81 are layered in this or- 
der on the light guide 25. By changing the area ratio of 
the transparent portions 6 to the pixels in the semitrans- 
parent liquid crystal panel 81 in accordance with the dis- io 
tance from the backlight 23. the intensity within the 
screen can be uniformed. 

[01 591 T"he effects of the semitransparent liquid crys- 
tal display devtee having the above-mentioned structure 
were verified through the following experiments. 
[01 60] The area ratio of the transparent portions to the 
pixels was changed in accordance with the distance 
from the backlight 23. The relation among the relative 
position within the panel, the area ratio of the transpar- 
ent portions, and the panel reflectivity is shown in Figure 20 
22. As the relative position within the panel, the backlight 
side and the opposite side were defined as 0 and 1 , re- 
spectively. As shown in Figure 22, when the area ratio 
was changed from 35% (relative position 0) to 50% (rel- 
ative position 1 ) as it got far from the backlight 23, the 25 
panel reflectivity reduced from 35% to 30%. However, 
the degree of the reduction is small enough to consider 
that the reflectivity within the screen Is approximately 
unifomn. Although it is not shown in Figure 22, the per- 
meation intensity of the light from the backlight 23 was 30 
verified to be approximately uniform within the screen. 
[0161] By adjusting the area ratio of the transparent 
portions to the pixels in accordance with the intensity 
distribution of the backlight incident upon the panel, uni- 
form in-screen intensity can be realized both during per- 35 
meation and during reflection. 

[0162] As shown in Figure 8, the provision of the 
transparent portions on the nearly flat regions in the pro- 
jections and depressions structure creates regions 
where the panel reflectivity is not changed even when 
the area ratio of the transparent portions is varied. Even 
if the area ratio of the transparent portions is changed 
from pixel to pixel within the panel, the panel reflectivity 
can remain approximately the same, provided that the 
area ratio within the above regions Is mainly used, even 
if the area ratio of the transparent portions Is changed 
within the panel. Enrtoodiment 8 

[01 63] Figure 23 shows the structure of the semitrans- 
parent liquid crystal display device of Embodiment 8 of 
the present invention. After the projections and depres- 
sions stmcture 5 is fomned on the an^ay substrate 9, the 
reflective layers 3 are formed In the regions of the pro- 
jections and depressions structure 5 that have the angle 
of inclination not more than 10 degrees. As a result, the 
transparent portions 6 correspond to the regions having 
the angle of inclination not less than 1 0 degrees. In the 
structure of the present embodiment, the regions having 
the angle of inclination not less than 1 0 degrees and not 



contributing to the light-gathering in the direction of vis- 
ibility are devoted to the transparent portions, so that 
the reflectivity remains the same, thereby improving the 
intensity during pemneation. 

[0164] These effects were verified by the following ex- 
periments. The projections and depressions structure 5 
was so formed as to have a width of 1 0 jim and a height 
of 3 jxm on the array substrate 9. Figure 24 is the graph 
showing the distribution of the angles of inclination of 
the projections and depressions structure 5. The angle 
of inclination increased monotonously from 0 to 10 de- 
grees, and started to decrease monotonously at 10 de- 
grees. The maximum angle inclination was 20 degrees. 
[0165] In consideration of the above results, the re- 
flective layers 3 were formed, by using an aluminum al- 
loy, in the regions of the structure 5 that have the angle 
of Inclination not less than 10 degrees. The pixel area 
ratio of the transparent portions 91 to the reflective por- 
tions 90 were 40%:60%. The reflectivity in this structure 
was examined to find it as high as 30% because the 
transparent portions 91 in the structure 5 do not contrib- 
ute to the light-gathering during reflection. On the other 
hand, high intensity was obtained during permeation be- 
cause the transparent portions 91 have a pixel area ratio 
of 40%. 

[0166] In the present embodiment, only the regions 
having the angle of inclination not less than 10 degrees 
are devoted to the transparent portions; instead of this, 
the nearly flat regions having the angle of inclination not 
more than 2 degrees could be included In the transpar- 
ent portions. In this case, the nearly flat regions do not 
contribute to the light-gathering, whch makes it possible 
to expand the area of the transparent portions without 
a decrease in reflectivity, so as to achieve higher inten- 
sity during pemneation. 

[0167] The transparent portions are not restricted to 
the regions having the angle of inclination not less than 
1 0 degrees; it could be formed in the regions having the 
angle of inclination not less than 1 2 degrees or not less 
than 15 degrees. When the regions having the angle of 
inclination not less than 12 degrees and not less than 
15 degrees are devoted to the transparent portions, 
there is the effect of expanding the visible range to -5 
and -10 degrees by the polar angle, respectively. 

INDUSTRIAL APPLICABILITY 

[01 68] According to the present invention, if relatively 
flat regions in the reflective layers are made transparent 
in a semitransparent liquid crystal panel with backlight- 
ing, permeability can be improved without decreasing 
reflectivity. 

[01 69] Furthermore, flicker can be reduced by chang- 
ing the projections and depressions stmcture at the 
overiaid area of a pixel with either the gate line or the 
source line according to the writing direction of the gate 
potential. 
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Claims 



1. 



A semltransparent liquid crystal display device 
comprising semltransparent layers having a projec- 
tions and depressions structure including reflective 
portions and transparent portions, wherein said 
transparent portions are so fomied as to include 
nearly flat regions of said projections and depres- 
sions structure. 

. The semitransparent liquid crystal display device of 
claim 1 , wherein said projections and depressions 
structure in said nearly flat regions has the angle of 
inclination of not less than 0 degree nor more than 

2 degrees. 

The semitransparent liquid crystal display device of 
claim 1 wherein said projections and depressions 
slruclure in said nearly Hal regions has the angle of 
inclination of not less than 0 degree nor more than 
4 degrees. 

The semitransparent liquid crystal display device of 
claim 1 . wherein at least some of said transparent 
portions do not have transparent electrodes. 

The semitransparent liquid crystal display device of 
claim 1, wherein said transparent portions have 
transparent electrodes. 

A semitransparent liquid crystal display device 
comprising semitransparent layers having a projec- 
tions and depressions structure including reflective 
portions and transparent portions, wherein said 
transparent portions are so fornied as to at least 
partly include projective portions of said projections 
and depressions structure. 

The semitransparent liquid crystal display device of 
claim 6, wherein said transparent portions include 
peaks of said projective portions and are formed 
symmetric with respect to the peaks. 

The semitransparent liquid crystal display device of 
claim 6, wherein said transparent portions include 
peaks of said projective portions and are formed 
asymmetric with respect to the peaks. 

The semltransparent liquid crystal display device of 
claim 6, wherein said transparent portions are 
formed on half surfaces of said projective portions. 



10. The semitransparent liquid crystal display device of 
claim 6, wherein 

a cross section of said projective portions has 
an asymmetrical figure comprising a plurality of 
inclined surfaces, and 
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said transparent portions are formed on steep- 
ly-inclined surfaces of said asymmetrical fig- 
ure. 

11. A semitransparent liquid crystal display device 
comprising semitransparent layers having a projec- 
tions and depressions structure including reflective 
portions and transparent portions, wherein 

a cross section of said projective portions of 
said projections and depressions structure is 
trapezoids, and 

said transparent portions are so fomried as to 
at least partly include the top surfaces of said 
trapezoids. 

12. The semitransparent liquid crystal display device of 
claim 1 1 , wherein the top surfaces of said projective 
portions are polygonal. 

13. A semitransparent liquid crystal display device 
comprising semitransparent layers having a projec- 
tions and depressions structure including reflective 
portions and transparent portions, wherein said 
transparent portions are so fomned as to include at 
least the bottoms of depressive portions of said pro- 
jections and depressions structure. 

14. The semitransparent liquid crystal display device of 
claim 13, wherein 

'J 

said depressive portions of said projections and 
depressions structure have bottoms, and 
said bottoms are neariy flat. 

15. The semitransparent liquid crystal display device of 
claim 13, wherein said reflective portions are 
formed asymmetry with respect to the peaks of said 
projective portions. 

16. The semitransparent liquid crystal display device of 
claim 15, wherein said reflective portions are 
formed on half surfaces of said projective portions. 

17. A semitransparent liquid crystal display device 
comprising semitransparent layers having a projec- 
tions and depressions structure including reflective 
portions and transparent portions, wherein said 
transparent portions are fornied at least in regions 
inciuding the peaks of said projective portions and 
in regions including the bottoms of said depressive 
portions. 

18. The semitransparent liquid crystal display device of 
claim 1 7, wherein both the peaks of said projective 
portions and said regions including the bottoms of 
said depressive portions are neariy flat. 
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19. The semitransparent liquid crystal display device of 
claim 8, wherein said transparent portions are 
formed separately from each other. 

20. The sennitransparent liquid crystal display device of 
claim 11, wherein said transparent portions are 
formed separately from each other. 

21 . The semitransparent liquid crystal display device of 
claim 19, wherein said transparent portions are ar- 
ranged at random. 

22. The sennitransparent liquid crystal display device of 
claim 20, wherein said transparent portions are ar- 
ranged at random. 

23. The semitransparent liquid crystal display device of 
claim 13, wherein said transparent portions are 
partly connected with each other. 

24. The semitransparent liquid crystal display device of 
claim 17, wherein said transparent portions are 
partly connected with each other. 

25. The semitransparent liquid crystal display device of 
claim 13, wherein said reflective portions are partly 
connected with each other. 

26. The semitransparent liquid crystal display device of 
claim 1 7, wherein said reflective portions are partly 
connected with each other 

27. The semitransparent liquid crystal display device of 
claim 13, wherein 

a color filter layer is formed on said projections 
and depressions structure, and 
said color filter layer has a thickness of d1 on 
said projective portions and a thickness of d2 
on said depressive portions, said thickness d2 
being greater than said thickness d1. 

28. The semitransparent liquid crystal display device of 
claim 17, wherein 

a color filter layer is formed on said projections 
and depressions structure, and 
said color filter layer has a thickness of d1 on 
said projective portions and a thickness of d2 
on said depressive portions, said thickness d2 
being greater than said thickness d1 . 

29. The semitransparent liquid crystal display device of 
claim 1 7, wherein said thickness d2 is approximate- 
ly two times larger than said thickness d1 . 

30. The semitransparent liquid crystal display device of 
claim 28, wherein said thickness d2 is approximate- 



ly two times larger than said thickness d1 . 

31. A semitransparent liquid crystal display device 
comprising semitransparent layers having a projec- 

5 tions and depressions structure, said semitranspar- 
ent layers partly overlaying a gate line on a sub- 
strate, wherein capacitance in an overlaid area of 
said semitransparent layers with said gate line de- 
creases with increasing distance from a gate writing 

10 side of a liquid crystal panel. 

32. The semitransparent liquid crystal display device of 
claim 31 , wherein an average degree of thickness 
of said overtaid area increases with increasing dis- 

15 tance from the gate writing side of said liquid crystal 
panel. 

33. The semitransparent liquid crystal display device of 
claim 32, wherein an area ratio of said projective 

20 portions to said depressive portions In said overtaid 
area increases with increasing distance from the 
gate line side of said liquid crystal panel. 

34. A semitransparent liquid crystal display device 
25 comprising semitransparent layers having a projec- 
tions and depressions structure, said semitranspar- 
ent layers partly overlaying a source line on a sub- 
strate, wherein capacitance in an overlaid area of 
said semitransparent layers and said source line 

30 decreases with increasing distance from a gate writ- 
ing side of a liquid crystal panel. 

35. The semitransparent liquid crystal display device of 
claim 34, wherein an average degree of thickness 

35 of said overtaid area increases with increasing dis- 
tance from the gate writing side of said liquid crystal 
panel. 

38. The semitransparent liquid crystal display device of 
40 claim 35, wherein an area ratio of said projective 
portions to said depressive portions in said overlaid 
area increases with increasing distance from the 
gate line side of said liquid crystal panel. 

45 37. The semitransparent liquid crystal display device of 
claim 31 , wherein said capacitance changes con- 
tinuously. 

38, The semitransparent liquid crystal display device of 
50 claim 34, wherein said capacitance changes con- 
tinuously. 

39. A semitransparent liquid crystal display device 
comprising semitransparent layers having a projec- 

55 tions and depressions structure including reflective 
portions and transparent portions, wherein 

said transparent portions are so formed as to 
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include at least the peaks of projective portions 
of said projections and depressions structure, 
and 

micro lenses are arranged under said projec- 
tive portions. 

40. A semitransparent liquid crystal display device 
comprising semitransparent layers having a projec- 
tions and depressions structure including reflective 
portions and transparent portions, wherein pixels 
comprise said transparent portions of different area 
ratios. 

41. The semitransparent liquid crystal display device of 
claim 40, wherein said transparent portions have a 
range of area ratio where panel reflectivity is ap- 
proximately constant. 

42. A semitransparent liquid crystal display device 
comprising semitransparent layers having a projec- 
tions and depressions structure including reflective 
portions and transparent portions, wherein said 
transparent portions are formed in regions where 
said projections and depressions structure has the 
angle of inclination of not less than 10 degrees. 

43. A semitransparent liquid crystal display device 
comprising semitransparent layers having a projec- 
tions and depressions structure Including reflective 
portions and transparent portions, wherein said 
transparent portions are formed in regions where 
said projections and depressions structure has the 
angle of inclination of not less than 1 0 degrees and 
in regions where said projections and depressions 
structure has the angle of inclination of not more 
than 2 degrees. 



Amended claims under Art. 19.1 PCT 

1. A semitransparent liquid crystal display device 
comprising semitransparent layers having a projec- 
tions and depressions structure including reflective 
portions and transparent portions, wherein said 
transparent portions are so fomned as to include re- 
gions having a larger angle of inclination than re- 
gions where said reflective portions are formed. 

2. The semitransparent liquid crystal display device of 
claim 1, wherein said transparent portions are so 
formed as to include inclined surfaces of projective 
portions of said projections and depressions struc- 
ture. 

3. A semitransparent liquid crystal display device 
comprising semitransparent layers having a projec- 
tions and depressions structure including reflective 
portions and transparent portions, wherein said 
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transparent portions are so formed as to include 
bottom areas of projective portions of said projec- 
tions and depressions structure and to include flat 
regions between said projective portions. 

4. The semitransparent liquid crystal display device of 
claim 3, wherein said flat regions have the angle of 
inclination of not less than 0 degree nor more than 
2 degrees. 

5. The semitransparent liquid crystal display device of 
claim 3, wherein said flat regions have the angle of 
Inclination of not less than 0 degree nor more than 
4 degrees. 

6. The semitransparent liquid crystal display device of 
claim 1 , wherein said transparent portions are so 
formed as to include regions having the angle of in- 
clination of not less than 1 0 degrees. 

7. The semitransparent liquid crystal display device of 
claim 1 , wherein said transparent portions are so 
formed as to include regions having the angle of in- 
clination of not less than 12 degrees. 

8. The semitransparent liquid crystal display device of 
claim 1 , wherein said transparent portions are so 
formed as to include regions having the angle of in- 
clination of not less than 15 degrees. 

9. The semitransparent liquid crystal display device of 
claim 1 , wherein at least some of said transparent 
portions do not have transparent electrodes. 



55 1 0. The semitransparent liquid crystal display device of 
claim 1. wherein said transparent portions have 
transparent electrodes, and said reflective portions 
have transparent electrodes on reflective layers. 

11. A semitransparent liquid crystal display device 
comprising semitransparent layers having a projec- 
tions and depressions structure including reflective 
portions and transparent portions, wherein said 
transparent portions include peaks of said projec- 
tive portions and are formed symmetric with respect 
to the peaks. 

12. A semitransparent liquid crystal display device 
comprising semitransparent layers having a projec- 
tions and depressions structure including reflective 
portions and transparent portions, wherein 

a cross section of projective portions of said 
projections and depressions structure has an 
asymmetrical figure comprising a plurality of in- 
clined surfaces, and 

said transparent portions are formed on steep- 
ly-inclined surfaces of said asymmetrical fig- 
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connected with each other. 



ure. 

13. A semitransparent liquid crystal display device 
comprising semitransparent layers having a projec- 
tions and depressions structure including reflective s 
portions and transparent portions, wherein 

a cross section of projective portions of said 
projections and depressions structure is trape- 
zoids, and ^0 
said transparent portions are so formed as to 
at least partly include the top surfaces of said 
trapezoids. 

1 4. The semitransparent liquid crystal display device of is 
claim 13, wherein the top surfaces of said projective 
portions are polygonal. 

15. A semitransparent liquid crystal display device 
comprising semitransparent layers having a projec- 20 
tions and depressions structure including reflective 
portions and transparent portions, wherein said 
transparent portions are formed in regions including 

the peaks of projective portions and in regions in- 
cluding the bottoms of depressive portions of said 25 
projections and depressions structure. 

16. The semitransparent liquid crystal display device of 
claim 15, wherein both the peaks of said projective 
portions and said regions including the bottonns of 
said depressive portions are nearly flat. 

17. The semitransparent liquid crystal display device of 
claim 1. wherein said transparent portions are 
formed separately from each other. 

1 8. The semitransparent liquid crystal display device of 
claim 3, wherein said transparent portions are 
formed separately from each other. 

19. The semitransparent liquid crystal display device of 
claim 1, wherein said transparent portions are ar- 
ranged at random, 

20. The semitransparent liquid crystal display device of 
claim 3, wherein said transparent portions are ar- 
ranged at random. 

21. The semitransparent liquid crystaf display device of 
claim 1 , wherein said transparent portions are partly 
connected with each other. 

22. The semitransparent liquid crystal display device of 
claim 3, wherein said transparent portions are partly 
connected with each other. 

23. The semitransparent liquid crystal display device of 
claim 1 , wherein said reflective portions are partly 



24. The semitransparent liquid crystal display device of 
claim 3, wherein said reflective portions are partly 
connected with each other. 

25. A semitransparent liquid crystal display device 
comprising semitransparent layers having a projec- 
tions and depressions structure including reflective 
portions and transparent portions, wherein 

a color filter layer is formed on said projections 
and depressions structure^ and 
said color filter layer has a thickness of d1 on 
said projective portions and a thickness of d2 
on said depressive portions, said thickness d2 
being greater than said thickness d1 . 

26. The semitransparent liquid crystal display device of 
claim 25, wherein said thickness d2 is approximate- 
ly two times larger than said thickness d1 . 

27. A semitransparent liquid crystal display device 
comprising semitransparent layers having a projec- 
tions and depressions structure, said semitranspar- 
ent layers partly overlaying a gate line on a sub- 
strate, wherein capacitance in an overt a id area of 
said semitransparent layers with said gate line de- 
creases with increasing distance from a gate writing 
side of a liquid crystal panel. 

28. The semitransparent liquid crystal display device of 
claim 27, wherein an average degree of thickness 
of said overiaid area increases with increasing dis- 
tance from the gate writing side of said liquid crystal 
panel. 

29. The semitransparent liquid crystal display device of 
claim 28, wherein an area ratio of said projective 
portions to said depressive portions in said overlaid 
area increases with increasing distance from the 
gate line side of said liquid crystal panel. 

30. A semitransparent liquid crystal display device 
comprising semitransparent layers having a projec- 
tions and depressions structure, said semitranspar- 
ent layers partly overlaying a source line on a sub- 
strate, wherein capacitance in an overiaid area of 
said semitransparent layers and said source line 
decreases with increasing distance from a gate writ- 
ing side of a liquid crystal panel. 

31 . The semitransparent liquid crystal display device of 
claim 30, wherein an average degree of thickness 
of said overlaid area increases with increasing dis- 
tance from the gate writing side of said liquid crystal 
panel. 
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32. The semltransparent liquid crystal display device of 
claim 31, wherein an area ratio of said projective 
portions to said depressive portions In said overlaid 
area increases with increasing distance fronn the 
gate line side of said liquid crystal panel. 5 

33. The semitransparent liquid crystal display device of 
claim 27, wherein said capacitance changes con- 
tinuously. 

10 

34. The semitransparent liquid crystal display device of 
claim 30, wherein said capacitance changes con- 
tinuously. 

35. A semitransparent liquid crystal display device 
comprising semitransparent layers having a projec- 
tions and depressions structure including reflective 
portions and transparent portions, wherein pixels 
comprise said transparent portions of different area 
ratios. 

36. The semitransparent liquid crystal display device of 
claim 35, wherein said transparent portions have a 
range of area ratio where panel reflectivity is ap- 
proximately constant. 25 

37. A semitransparent liquid crystal display device 
comprising semitransparent layers having a projec- 
tions and depressions structure including reflective 
portions and transparent portions, wherein said 30 
transparent portions are formed in regions where 
said projections and depressions structure has the 
angle of inclination of not less than 1 0 degrees. 

38. A semitransparent liquid crystal display device 35 
comprising semitransparent layers having a projec- 
tions and depressions structure including reflective 
portions and transparent portions, wherein said 
transparent portions are formed in regions where 
said projections and depressions structure has the 40 
angle of inclination of not less than 1 0 degrees and 
in regions where said projections and depressions 
structure has the angle of inclination of not more 
than 2 degrees. 
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Fig. 1 
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Fig. 6 
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Fig. 7 
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Fig. 10 
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Fig. 11 
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Fig. 12 




30 



BNSCXXID: <EP 11 13308Al_l_> 



EP 1 113 308 A1 



Fig. 13 
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Fig. 14 
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Fig- 18 
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Fig. 20 
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Fig. 21 
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Fig. 23 
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